Background {#Sec1}
==========

Functional gastrointestinal disorders (FGID) are very common clinical conditions encountered in day-to-day clinical pediatric gastroenterology practice \[[@CR1]\]. Increased knowledge of the pathophysiology of FGID in the last decade has led to the design of a biopsychosocial model in which genetic, physiological, and psychological factors interact \[[@CR2]\]. The diagnosis of FGID is clinical and based on the Rome diagnostic criteria, which have evolved during the last decades to form the newest set, the Rome IV criteria which was issued in 2016 \[[@CR3]\]. Several epidemiological studies using the Rome III and Rome IV criteria showed that FGID related to abdominal pain are highly prevalent \[[@CR4], [@CR5]\]. According to the Rome IV criteria, the term "abdominal pain related functional gastrointestinal disorders" has been changed to "functional abdominal pain disorders" and it includes functional dyspepsia (FD), irritable bowel syndrome (IBS), abdominal migraine, and functional abdominal pain not otherwise specified (functional abdominal pain NOS) \[[@CR3]\].

Childhood obesity is a serious and urgent public health problem that is associated with physical and psychological comorbidities \[[@CR6]\]. The bidirectional association between obesity and FGID has been described in previous studies, however, some of them are limited by a lack of control groups or outdated diagnostic criteria \[[@CR7]--[@CR9]\], and none of them was based on ROME IV criteria. The primary aim of this study was to define the association between obesity and functional abdominal pain (FAP) disorders in children according to the Rome IV criteria compared with a population control, and to describe and compare clinical characteristics of children with overweight/obesity with those of healthy weight and FAP disorders.

Methods {#Sec2}
=======

All study procedures were approved by the institutional review board of the Tel Aviv Medical Center (Helsinki Committee), and parental informed consent was obtained for all participants.

Study design and participants {#Sec3}
-----------------------------

We conducted a retrospective study of 2- to 18-year-old children with a clinical diagnosis of FAP disorders that were followed-up in the Pediatric Gastroenterology Unit at the "Dana-Dwek" Children's Hospital, Tel Aviv, Israel, between January 2016 and October 2018. The Pediatric Gastroenterology unit is an outpatient clinic at our hospital, which is a tertiary referral center for pediatric gastroenterology. The patients were identified through the local electronic health records database. After the patients with clinical diagnosis of FAP were identified from the medical records, we performed an objective evaluation of the compatibility of their diagnosis with the ROME IV criteria \[[@CR3]\]. Patients that did not fulfill these criteria were excluded from the study, as were patients with missing anthropometric data. Body mass index (BMI) percentiles were defined by the CDC standards (<https://www.cdc.gov/growthcharts/clinical_charts.htm>). Patients with BMIs ≥85th percentile were designated as being overweight or obese.

A population control group was obtained from the 2015--2016 Israel national health survey (<https://www.health.gov.il/UnitsOffice/ICDC/mabat/Pages/default.aspx>). The Israeli health survey is a national survey, conducted every 3--4 years by the ministry of health of Israel, that aims to investigate health and nutrition status among the Israeli population by a representative sample of children and adults. The data in the survey is presented according to age groups (2--11 and 12--18 years of age) and gender.

Data collection {#Sec4}
---------------

We retrospectively reviewed the patients' records and collected demographic data consisting of age, gender, location and duration of symptoms (abdominal pain, vomiting, diarrhea, heartburn) as well as anthropometric data (weight, height, BMI). We also reviewed imaging and endoscopies studies, hospitalizations, dietitian consultations, nutrition recommendations, and follow-up durations.

Data statistical analysis {#Sec5}
-------------------------

Categorical variables were reported as frequency and percentage. Continuous variables were evaluated for normal distribution using a histogram and Kolmogorov--Smirnov test. Since none of the continuous variables were normally distributed, they were reported as median and interquartile range (IQR). Overweight proportion was compared to the published data using the one-sample binomial test. Characteristics of overweight and non-overweight children were compared using the Chi-square test or Fisher's exact test for the categorical variables, and the Mann-Whitney test was used for the continuous and ordinal variables. All statistical tests were two-sided, and *p* \< 0.05 was considered statistically significant. SPSS was used for all statistical analyses (IBM SPSS Statistics, version 25, IBM Corp., Armonk, NY, USA).

Results {#Sec6}
=======

Demographic and clinical data {#Sec7}
-----------------------------

A total of 274 children were identified as having the diagnosis of FAP. Forty-eight children who did not meet the ROME IV criteria and 53 children with missing data were excluded, leaving a total of 173 children for final analysis. Of these children, 114 (65.8%) were females, and the group's median age was 11.5 (IQR 7.9--14.5) years, nearly all of them were from Israeli Jewish origin (170 patients, 98.3%). The functional disorders were functional abdominal pain NOS (*n* = 71, 41%), IBS (*n* = 67, 38.8%), and FD (*n* = 35, 20.2%). No abdominal migraine cases were identified. The median duration of the abdominal pain was 8 months (IQR 4--20), the median BMI percentile was 64 (IQR 26.7--86.5), and the median follow-up duration was 2.1 months (IQR 0--6). The demographic and clinical data are presented in Table [1](#Tab1){ref-type="table"}. Table 1Demographic and clinical dataStudy cohort\
*N* = 173Normal or underweight\
*N* = 120 (69.3%)Overweight or obese\
*N* = 53 (30.7%)PAge (years)11.5 (7.9--14.5)10.8 (7.4--14.1)12.4 (9.8--15.3)0.04Females114 (65.8%)76 (63.3%)38 (71.7%)0.29FAP disorders:0.07Functional abdominal pain NOS71 (41%)55 (45.8%)16 (30.2%) Irritable bowel syndrome67 (38.8%)45 (37.5%)22 (41.5%)Functional dyspepsia35 (20.2%)20 (16.7%)15 (28.3%)Hospitalizations20 (11.6%)9 (7.5%)11 (20.8%)0.01Proton pump inhibitors treatment38 (22%)24 (20%)14 (26.4%)0.05Dietitian consultations46 (26.6%)23 (19.2%)23 (43.4%)0.001

Sixty children (36.4%) underwent gastroscopy, 13 (7.5%) underwent colonoscopy, and 132 (76.3%) underwent imaging studies, of whom 115 (66.5%) had an abdominal ultrasound and 17 (9.8%) had an abdominal computerized tomography or a magnetic resonance enterography. Ninety-nine children (57.2%) received medications: 50 (28.9%) were treated with stool softeners, 38 (22%) with proton pump inhibitors (PPI), and 11 (6.4%) with probiotics. No gender difference was noticed in medication use. However, significantly more children with FD were treated with PPI compared to children with IBS and functional abdominal pain NOS (57.1, 13.4 and 12.7%, respectively, *P* \< 0.001). Twenty children (11.5%) were hospitalized due to FAP. In addition, 105 children (60.6%) were given general balanced dietary recommendations from the physician and 46 (26.5%) children received formal dietitian consultations. Specific dietary recommendations were given as follows: high fiber (*n* = 38, 22%), reduced simple carbohydrates (*n* = 24, 13.9%) or lactose free (*n* = 19, 11%).

Overweight/obese vs. normal weight in FAP group {#Sec8}
-----------------------------------------------

Of all 173 children, 53 children (30.6%) were accounted as overweight/obese. Among these 53 children, 20 were truly obese (37.7%), 15 (28.3%) boys and 38 (71.7%) girls. The distribution of FAP disorders among the children with overweight/obesity was as follow; 22 (41.5%) with IBS, 16 (30.2%) with functional abdominal pain-NOS and 15 (28.3%) with FD (Table [1](#Tab1){ref-type="table"}). No significant relation was found between obesity and FAP subgroups. Children with FAP and overweight/obesity disorders were older (12.4 (9.8--15.3) vs. 10.8 (7.4--14.1), *p* = 0.04), had more hospitalizations due to FAP (20.8% vs. 7.5% *p* = 0.01), were treated more with PPI (26.4% vs. 20%, *p* = 0.05) and had more dietitian consultations (43.4% vs. 19.2%, *p* = 0.001) compared with children with FAP and normal weight (Table [1](#Tab1){ref-type="table"}). There was no significant difference in gender, endoscopies and imaging studies performance, follow up duration and nutrition recommendations between the groups.

The FAP group vs. the controls {#Sec9}
------------------------------

The 6432 controls were divided into two age groups, one 2--11 years of age and one 12--18 years of age. The younger age group included 1792 children, of whom 919 (51.3%) were boys and 873 (48.7%) were girls. There were 299 children (16.7%) in the young age group who were designated as having overweight/obesity. The older age group of 4640 children included 2223 (47.9%) boys and 2417 (52%) girls, among whom 1433 (30.8%) were designated as having overweight/obesity (Table [2](#Tab2){ref-type="table"}). The 2- to 11-year-old girls with FAP had a significantly higher prevalence of overweight/obesity compared with the controls in that age range (70.6% vs. 48.7%, *p* = 0.04) (Table [2](#Tab2){ref-type="table"}). In addition, the 12- to 18-year old children with FAP had a significantly higher prevalence of overweight/obesity compared to controls (39.5% vs. 30.8%, respectively, *p* = 0.04), and specifically in girls (42.9% vs. 29.2%, *p* = 0.01) in that age range. There was no significant difference between prevalence of overweight/obesity of boys with FAP in any age group compared to controls. Table 2Overweight Patients in the FAP and Control Groups by Age and GenderChildren 12--18 years oldFAP group\
*N* = 81Control\
*N* = 4640PTotal overweight/obese32 (39.5%)1433 (30.8%)0.04Males32 (39.5%)2223 (47.9%)0.44Overweight/obese males11 (34.4%)726 (32.6%)Females49 (60.4%)2417 (52%)0.01Overweight/obese females21 (42.9%)707 (29.2%)**Children 2--11 years oldFAP group*N*** **= 92Control*N*** **= 1792P**Total overweight/obese21 (22.8%)299 (16.7%)0.07Males27 (29.3%)919 (51.3%)0.5Overweight/obese males4 (14.8%)148 (16.1%)Females65 (70.6%)873 (48.7%)0.04Overweight/obese females17 (26.2%)151 (17.3%)

Discussion {#Sec10}
==========

The association between obesity and FAP according to the updated ROME IV criteria had not been investigated before. In the current study, our analysis of that association revealed a higher prevalence of overweight/obesity among adolescents with FAP disorders compared to an age- and sex-matched control population. Our results are in line with studies that had demonstrated a correlation between body weight and FGID. Teitelbaum et al. \[[@CR8]\] showed a greater percentage of children with obesity and constipation, gastroesophageal reflux disease, IBS, encopresis and FAP compared with children with healthy weight. In their study, functional disorders were assigned based on ROME II criteria without specification of subtypes of FAP. From another point of view, Bonilla et al. \[[@CR9]\] described a cohort from 2007 to 2008 with a prevalence of 20.2% obesity in patients with FGID, however, no comparison to healthy control group was performed. They showed that obesity was associated with poor outcome and disability at long term follow up. In our study the prevalence of overweight/obesity was higher, probably attributed to the combination of children with overweight and obesity as one group or to the increase in prevalence of obesity in the western world as part of the obesity epidemic. Other studies demonstrated higher percentages of recurrent abdominal pain \[[@CR10]\] and FGID \[[@CR7]\] in children with obesity. However, Malaty et al. \[[@CR10]\] used a non-validated questionnaire and the latter study was based on ROME III criteria for diagnosis of functional disorders.

Several factors may explain the association between obesity and FAP disorders. Dietary habits are a major factor in obesity development and previous studies showed the association between increased consumption of carbohydrates and high body weight \[[@CR11]--[@CR13]\]. Carbohydrate malabsorption may cause gastrointestinal symptoms via the physiologic effects of both increased osmotic activity and increased gas production from bacterial fermentation \[[@CR14]\]. Moreover, there is some evidence that a low-FODMAP diet is effective in reducing IBS symptoms \[[@CR15], [@CR16]\]. Recently, Schnabel et al. showed an association between ultra-processed food (UPF) consumption and functional gastrointestinal disorders. In this large French cohort, an increase in UPF, which is characterized by high density of saturated fatty acids, sugar, sodium and low content of protective nutrients such as fibers, was associated with a higher risk of IBS. They also found that UPF consumption was associated with higher BMI \[[@CR17]\].. In addition to dietary habits, sedentary lifestyle and lack of physical activity could be related to both obesity and functional pain \[[@CR18]\].

A potential association between obesity, FGID and gastrointestinal motility disorders has also been described. Delayed gastric emptying and impaired antral motility were found in children with RAP, FAP, IBS or functional dyspepsia \[[@CR19], [@CR20]\]. Several studies have shown delayed gastric emptying and gastric and gallbladder dysmotility in the individuals with obesity \[[@CR21], [@CR22]\]. This may be attributed to increased gastric distention in the obese causing poor fundal and antral tone \[[@CR23]\], altered sensitivity of mechanoreceptors in the stomach musculature \[[@CR24]\] and abnormal perception of satiety signals \[[@CR25]\].

Another association between obesity and FGID is the gut microbiota. Increased risk of small intestinal bacterial overgrowth \[[@CR26]\] and different gut microbiota composition \[[@CR27]\] in obesity has been reported which might contribute to gastrointestinal dysmotility, excessive fermentation, altered visceral perception and gut permeability with their metabolites leading to pain-predominant FGID \[[@CR28], [@CR29]\]. Finally, obesity and FGID share common psychological comorbidities, such as stress, depression, and anxiety, which can contribute to each other's development and aggravate each other \[[@CR30]--[@CR32]\].

The higher prevalence of overweight/obesity in females with FAP compared to controls may be attributed to several factors. Females are more prone to several gastrointestinal motility disorders, such as delayed gastric emptying, compared to males \[[@CR33], [@CR34]\]. It has been suggested that this difference may be caused by female ovarian hormones. Gender differences in intestinal microbiome in addition to microbiome difference between children with overweight/obesity and children with healthy weight \[[@CR35]\] may serve as an alternative explanation.

Our study has demonstrated a few significant differences between children with FAP having overweight/obesity compared to normal weight children. We found that children with overweight/obesity had more hospitalizations attributed to their abdominal pain compared with children with healthy weight, as described in other studies which suggested that pediatric obesity contributes significantly to increased health care utilization in children \[[@CR36], [@CR37]\]. A possible explanation to increased health care utilization in children with obesity is comorbidities of obesity \[[@CR36]\]. In addition, children with obesity might be more symptomatic compared to children with normal weight \[[@CR38]\]. We also found that obese children with FAP are treated more frequently with PPI than non-obese children with FAP. Parkman et al. \[[@CR34]\] reported that patients with obesity and idiopathic gastroparesis tend to be more symptomatic compared to patients with healthy weight. Whether this is true to patients with FAP is to be elucidated. Although no relation between FAP subgroups and obesity was established in this study, children with FD were treated more frequently with PPI, in line with the ROME IV recommendations \[[@CR3]\], compared to other FAP subgroups. Generally, overuse of PPI has been increasing in the last decade in hospitalized and ambulatory patients and their prescription continues to grow in all western countries \[[@CR39]\].

The clinical implications of the findings of our current study relate to the management of children with overweight/obesity and FGID. Although this study could not indicate causality between obesity and FAP, the findings support a relation between these conditions. The treatment protocol of children with obesity and FAP should also focus on guidance for more thorough nutritional assessment targeted towards weight reduction together with other lifestyle changes (e.g., increase in physical activities) that may improve symptoms and prevent or at least minimize the need for medications and hospitalizations.

To the best of our knowledge, this is the first study to show an association between obesity and FAP diagnosed in children according to the updated ROME IV criteria for diagnosis of FAP, which was made by a pediatric gastroenterologist in a clinic setting and not by collecting information from a self-administered questionnaire. This study is limited by its retrospective nature, missing more precise data on skinfold measurements, body composition, and other parameters. In addition, our control group might include children with FAP disorders, although we believe that due to the high number of children included, the percentage of children with FAP disorders would be similar to the general population. Lastly, a part of children with diagnosis of FAP in the medical records did not fulfil the ROME IV criteria and therefore were excluded. In real life, some degree of incompatibility between clinical diagnosis and formal criteria may be anticipated. Another explanation is the difference between ROME IV and ROME III criteria, that was one of the rationales to conduct the current study.

Conclusions {#Sec11}
===========

Adolescents with FAP disorders have a higher prevalence of overweight/obesity compared with controls in the general population. Children with FAP and overweight/obesity have more hospitalizations and medical treatment with PPI compared to children with FAP disorders who are of normal weight. Heightened awareness of these findings might improve treatment planning and management to meet the needs of children with overweight/obesity and FAP. Further studies should focus on the interrelationship between FGID and obesity and specifically on the pathophysiologic mechanisms between these conditions, and also to investigate the effect of weight reduction on FAP symptoms.
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